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APPARATUS AND METHODS FOR PERFORMING ELECTROFUSION 

Cross-Ref erence to Related Applications 

The present disclosure is a continuation-in-part of a 
co-pending disclosure filed by the present inventor on May 2, 
1988, entitled "Method for Electrof using Biological Particles 
to Tissues/' Serial Number 07/189,206. 

Technical Field 

This invention relates, generally, to devices and methods 
having utility in connection with cell-tissue electrof usion 
accomplished in vitro , in situ , or in vivo . More 
particularly, it relates to electrode members and related 
apparatus that confine an induced DC field to a specific 
animal or human anatomical area. 

Background Art 

The above-referenced disclosure filed May 2, 1988 
contains a thorough discussion of the prior art pertinent to- 
the present invention and such disclosure is incorporated 
herein by reference and made a part hereof . 

In the earlier disclosure, it was mentioned that 
.biological particles to be fused onto tissue in the host 
animal or plant are deposited on a support means and brought 
into physical contact with tissue at the preselected 
electrof usion site. Mechanical pressure is applied to the 
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support means to bring the particles and tissue into still 
closer physical contact and a DC pulse generator is activated 
to achieve the desired electrofusion. 

A second or ground electrode was positioned in electrical 
communication with a second preselected anatomical area, and 
one or more DC pulses were passed from the first electrode to 
ground through the anatomical tissue between said first and 
second preselected anatomical areas. 

Accordingly, the disclosed apparatus included no specific 
means for confining the path of electrical current as it 
flowed through the body of the host from the first electrode 
to the second. Since electrical current follows the path of 
least resistance r a pulse applied to the first electrode 
could travel along many differing paths throughout the animal 
or human's body before arriving at the ground electrode. 
Thus, the earlier apparatus was restricted to low current 
applications. 

There is a need for an improved cell-tissue',, 
tissue-tissue and liposome-tissue fusion apparatus that 
restricts current flow to the inter-electrode space only, but 
the prior art contains no teachings -or suggestions' concerning 
how the art could be advanced. 

Disclosure of Invention 

The present invention is illustrated in three exemplary 
embodiments which suggests numerous derivative embodiments. 
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All of the embodiments will be referred to as having 
utility in connection with cell-tissue electrof usion, but it 
should be understood that the present invention has equal 
utility in connection with tissue-tissue electrof usion and 
liposorae-tissue electrof usion as well. Moreover, it should 
be understood that this invention has utility in in vivo, in 
vitro and in situ applications. 

The first embodiment has general application and is 
suitable for use at virtually any cell-tissue electrof usion 
site. It consists of a pair of electrode members, each of 
which is electrically coupled to a DC pulse generator, that 
are disposed on opposite sides of an electrof usion site . The 
oppositely polarized electrodes .are positioned in as close 
proximity to each other as is practicable to insure that the 
electrof using current will follow a direct path of travel 
between the electrodes. In this manner, the possibility that 
current might stray and inflict trauma at anatomical sites 
remote from the electrof usion site is minimized. 

The electrodes of the second and third embodiments of the 
present invention are site-specific electrodes in that they 
relate to electrof usion processes that are performed on the 
eye of an animal or human and the cervical area of an animal 
or human, respectively. 

More specifically, both of the electrodes of the second 
embodiment are housed in an insulated monolithic housing 
adapted to properly position the electrodes with respect to 
an animal or human eye. An electrode of a first polarity is 
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specifically configured and dimensioned to conform to the 
contour of the cornea of an eye so that it may overlie the 
same and be pressed tightly thereagainst without inflicting 
trauma. An electrode of a second polarity has an annular 
configuration so that it overlies and encircles the anterior 
sclera portion of the eye. Accordingly , activation of a DC 
pulse generator to which the electrodes are electrically 
coupled produces a current flow which flows in a generally 
radial pattern from the first electrode at the electrof usion 
site to the second, ring-shaped electrode which circumscribes 
the anterior sclera portion of the eye. Thus, "the chance 
that current might stray to the optic nerve and hence to the 
brain is minimized. 

The third embodiment includes a pair of oppositely 
polarized electrodes that are. introduced into the cervical 
area. A first electrode has hinged portions that are 
outwardly deployable once inserted into the uterus to 
abuttingly engage the uterine side of the cervix; a second 
electrode abuttingly engages the vaginal side of the cervix. 
Thus, the cervical area is sandwiched between the electrodes 
so that when a DC pulse generator is activated,., currents are 
substantially confined to the area between the electrodes. 

The apparatus of the third embodiment further includes a 
light source and an insulated housing member for the leads 
that couple the electrodes to the pulse generator. 

It is therefore understood that an important object of 
the present invention is to advance the art of cell-tissue, 
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tissue-tissue, liposome-tissue electrof usion by providing 
electrodes that confine the electrof usion current to the 
precise site of electrof usion and to immediately adjacent 
tissue. 

More specific objects include the provision of electrodes 
particularly adapted to accomplish cell-tissue, tissue- 
tissue, liposome-tissue electrof usion in ocular and cervical 
regions while minimizing the probabilities of stray currents 
inflicting trauma on anatomical areas of the body contiguous 
to such sites or remote therefrom. 

The invention accordingly comprises the features of 
construction, combination of elements and arrangement of 
parts that will be exemplified in- the descriptions set forth 
hereinafter and the scope of the invention will be set forth 
in the claims. 

Brief Description of Drawings 

For a fuller understanding of the nature and objects of* 
the invention, reference should be made to the following 
detailed description, taken in connection with the accompany- 
ing drawings, in which: ' 

Fig. 1 is a diagramatic view showing how the electrodes 
of the first embodiment of this invention are positioned with 
respect to preselected tissue; 

Fig. 2 is a diagramatic view showing how the electrodes 
of the second embodiment of this invention are positioned 
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with respect to a human or animal eye, said electrodes and 
eye being shown in cross-section; and 

Fig. 3 is a diagramatic view showing how the electrodes 
of the third embodiment are positioned with respect to the 
cervical area of an animal or human. 
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Best Modes for Carrying Out the Invention 

Referring now to Fig. 1, it will there be seen that a 
novel apparatus having utility in connection with cell-tissue 
electrof usion is designated by the reference numeral 10 as a 
whole. 

Again, although apparatus 10 and the other apparatus to 
be disclosed in detail hereinafter will be identified as 
having utility in connection with cell-tissue electrof usion, 
it should be understood from the outset that such reference 
is made for purposes of brevity only since all embodiments of 
the present invention also have utility in connection with 
tissue-tissue electrof usion and liposome-tissue electro- 
fusion. 

In Fig. 1, a preselected tissue 11 is shown disposed in 
sandwiched relation between a first or positive electrode 12 
and a second or ground electrode 14. Lead 18 electrically 
couples electrode 12 to the positive side of a DC pulse 
generator (not shown) and lead 20 electrically couples' 
electrode 14 to a suitable ground. 

Since tissue 11 offers a path of low electrical 
resistance, activation of the pulse generator results in an 
electrical current between electrodes 12 and 14. The current 
flow induces an electrical field denoted 22 in Fig. 1, 

Advantageously, field 22 is localized or confined, i.e., 
it is restricted to the region between the electrodes. 

Electrof usion of biological particles to the tissue 
occurs when the respective electrodes 12, 14 overlie tissue 
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11; more specifically, electrof usion sites associated with 
electrodes 12 and 14 are denoted 24 and 26, respectively. 
For a fuller understanding of how the electrof usion takes 
place, reference should be made to the cross-referenced 
disclosure. 

The apparatus of Fig. 1 has particular utility in 
connection with in vivo electrof usion procedures , but it can 
be employed in in vitro and in situ applications as well. 

Its particular utility in connection with in vivo 
applications arises because particular care must be taken in 
in' vivo applications where animals or humans are involved to 
insure that electrical currents do not flow through areas of 
the anatomy that might suffer trauma as a result of such 
current flow. For example, if tissue 11 were positioned near 
the heart of the animal or human, it would be of the utmost 
importance to confine the current flow to the anatomical 
region between the electrodes. 

The second and third embodiments of this invention, shown', 
in Figs. 2 and 3, respectively, . further illustrate this 
important teaching of this invention* 

The environment of the second embodiment is denoted 30 as 
a whole in Fig., 2. An animal or human eye 32 is depicted in 
section; optic nerve 34 connects the eye to the brain (not 
shown) . In an in vivo situation, it is of paramount 
importance to insure that no stray electrical currents find 
their way to the optic nerve 34 and hence to the brain'.. 
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The novel apparatus that insures against electrical 
current flow to the brain includes a first electrode 3 6 that 
is specifically configured and dimensioned to overlie the 
cornea 38, i.e./ the cornea-contacting side of electrode 36 
conforms to the shape of the cornea, and a second annular in 
configuration electrode 40. 

For reasons disclosed in detail in the cross-referenced 
disclosure, electrode 36 conforms to the size and shape of 
the cornea so that said electrode can be tightly pressed 
against the cornea without inflicting trauma to the eye. The 
tight abutting engagement between electrode 36 and cornea 38 
facilitates the electrof usion process and enhances the 
performance of the electrical-field confining apparatus as 
well . 

Ring-shaped electrode 40 is positioned on the anterior 
sclera portion of the eye in circumscribing relation thereto 
as shown. 

T-he ccrnea-overlying electrode 36 is electrically coupled 
to a DC pulse generator by lead 42 and ring electrode 40 is 
grounded as at 44 (or vice versa). 

Both electrodes 36, 40 are mounted in . an "insulated 
housing means, generally denoted 46; housing means 46 
maintains the electrodes in their operative configuration and 
of course electrically insulates them from one another. 

Current generated by the pulse generator thus flows 
between electrodes 36 and 40 when the generator is activated. 
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and such current induces an electrical field denoted 48 in 
Fig. 2. It should be understood that the current flow is 
generally radial in that ring electrode 40 is conductive 
along its entire circumferential extent. 

It is clear from Fig. 2 that stray currents are 
suppressed, i.e., the current is effectively confined to the 
inter-electrode space. The current flow, represented by 
field lines 48 as aforesaid, is thus remote from optic nerve 
34 as desired, and an important object of this invention is 
achieved. . 

Electrofusion occurs at the cornea 3 8/electrode 3 6 
interface. 

In the cross-referenced disclosure, a cornea-contacting 
electrode such as electrode 36 was generally disclosed; it 
was placed onto the cornea 38 of a live rabbit. However, in 
such disclosure there was no teaching or suggestion of ring 
electrode 40. Instead, the ground electrode was attached to 
the rabbit 1 s buccal mucosa, i.e., to the inside of the* 
rabbit's cheek. As such, current was allowed to flow between 
the cornea and the cheek. Although no rabbit experienced any 
trauma from these pioneering electrofusion experiments, the 
possibility that electrical current could stray to the 
animal's brain via the optic nerve existed. This possibility 
provided the impetus for the present inventions. 

The apparatus of Fig. 2 could be used to accomplish 
electrofusion on parts of the anatomy other than an eye. 
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Indeed, in view of the present teachings and suggestions, the 
number of different site-specific electrof usion apparatuses 
that could be constructed is limited only by the imagination 
of the machine designer and such designs are also within the 
scope of these Letters Patent. 

For example, an electrof usion. device specifically 
designed for use in in vivo applications in the cervical area 
is denoted as a whole by the reference numeral 50 in Fig. 3. 

In Fig. 3, the uterine wall is denoted 52, the cervix is 
denoted 54, and the vaginal wall is denoted 56. 

Electrof usion device 50 includes a hollow uterine probe 
member 58 within which is positioned an optical fiber 60 to 
illuminate the uterine area or cavity 61 as suggested by the 
truncate radial lines in the vicinity of fiber 60. 

A pair of hingedly mounted electrode members 62, 64 are 
rotatably mounted about hinge posts 63, 65, respectively, 
near the distal free end of probe member 58 as shown; the 
position of electrodes 62, 64 is under the control of a" 
mechanical means (not shown) at the proximal end of probe 58 
as suggested by the directional arrow 66. 

When properly positioned in the manner hereinafter 
described, electrodes 62, 64 will overlie the uterine 
cervical area as shown, 

A centrally apertured, generally disc-shaped electrode 
68, when properly positioned, will overlie the vaginal 
cervical area as shown. It is placed into its illustrated 
position by aligning its central aperture 69 with probe 58 
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and sliding it in a proximal-to-distal direction. Clearance 
space for insertion of disc-shaped electrode 68 is provided 
by cylindrical insulator member or dilator 70. 

In vivo installation of the novel apparatus is 
accomplished under general anesthesia by insertion of the 
insulated dilator member 70, the outer cylindrical walls of 
which are suitably lubricated , until the distal end of the 
dilator abuts the peripheral cervical epithelium, insertion 
of probe member 58 , with the aid of illumination provided by 
optical fiber 60, through the cervix 54 with the hinged 
electrodes 62, 64 in their folded configuration, deployment 
of the hinged electrodes 62, 64 into their Fig. 3 
configuration through manipulation of the mechanical control 
means, and insertion of disc-shaped electrode 68 until the 
cervical area is held in sandwiched relation between the 
respective electrodes as shown. 

Electrical lead 72 electrically couples hinged electrodes 
62, 64 to a DC pulse generator, not shown, and lead 74' 
electrically couples disc electrode 68 to ground, or vice 
versa. In vivo electrofusidn takes place where the 
respective electrodes abut cervical tissue and electrical 
currents (not shown to simplify the drawing) are confined to 
the small area between the electrodes. 

Thus, all three of these specifically., disclosed 
embodiments of this invention employ a pair of closely spaced 
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electrodes of opposite electrical polarity so that electrical 
currents are confined to a localized area between such 
electrodes . 

Industrial Applicability 

This invention has many biological, biomedical, clinical 
and veterinary applications. Use of the novel electrodes in 
the electrofusion of selected biological particles to 
histologically intact tissue facilitates the electrofusion 
process itself while protecting the animal or human patient 
against stray electrical currents. Thus, the novel 
electrodes advance the arts of cell-tissue electrofusion, 
liposome-tissue electrofusion and tissue-tissue electro- 
fusion. 

The utility of electrofusion in creating bioengineered 
animal models is disclosed in the cross-referenced 
disclosure, although such disclosure could not be exhaustive 
in view of the wide range of possible applications of the* 
electrofusion process. 

As an example of the broad range of applications for the 
present invention not already disclosed in. the earlier 
disclosure 9 it is contemplated that electrofusion in general 
and electrofusion employing current-localizing electrodes of 
the type disclosed herein could be employed. # in helping 
patients recover from operations. 

For example, cartilage is removed from knee joints "during 
bone spur removal operations. The electrofusion of the 
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patient's own chondrocytes, collected from adjacent 
anatomical locations, to the denuded area would certainly 
accelerate the formation of new cartilage in the absence of 
immunological rejection. 

This is just one example of the plurality of applications 
of this invention. In view of the breakthrough nature of the 
technology herein disclosed, the claims appended hereto are 
entitled to a broad construction, as a matter of law, so as 
to protect the heart of this pioneering invention. 

It will thus be seen that the objects set forth above, 
and those made apparent from the foregoing description, are 
efficiently attained and since certain changes may be made in 
the above construction without departing from the scope of 
the invention, it is intended that all matters contained in 
the foregoing description or shown in the accompanying 
drawings shall be interpreted as illustrative and not in a 
limiting sense. 

It is also to be understood that the following claims are 
intended to cover all of the generic and specific features of 
the invention herein described, and all statements of the 
scope of the invention which, as a matter of language, might 
* be said to fall therebetween. 

Now that the invention has been described, 
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WHAT IS CLAIMED IS: 

1. A device for confining the flow of electrons through 
tissue to a preselected area of said tissue, comprising: 

a first electrode means capable of being disposed in 
abutting relation to a first preselected area of tissue; 

a second electrode means capable of being disposed 
in abutting relation to a second preselected area of tissue 
in closely spaced proximity to said first preselected area of 
tissue; 

a pulse generator means; 

means for electrically coupling said pulse generator 
means to said first electrode means; and 

means for grounding said second electrode means; 

whereby electrof usion occurs at the respective 
interfaces of said first and second preselected areas of 
tissue and said first and second electrode means, 
respectively, when said pulse generator means is activated; 
and 

whereby tissue remote from said first and second 
preselected areas of tissue is substantially free of 
electrical current therethrough. 

2. The device of claim 1, wherein said pulse generator 
means is a DC pulse generator. 

3. The device of claim 1, wherein a surface of said 
first electrode means capable of abutting said first 
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preselected area of tissue is configured and dimensioned to 
conform to the contour of said first preselected area of 
tissue. 

4. The device of claim 1, wherein a surface of said 
second electrode means capable of abutting said second 
preselected area of tissue is configured and dimensioned to 
conform to the contour of said second preselected area of 
tissue. 

5. A device for confining flow of electrons through 
living tissue to a preselected area of said tissue, 
comprising: 

a first electrode means adapted to be disposed in 
abutting relation to a first preselected area of tissue; 

a second electrode means, generally annular in 
configuration, adapted to be disposed in abutting relation to 
a second preselected area of tissue having a generally 
spherical shape, said second preselected area of tissue being 
in closely spaced proximity to said first preselected, area of 
tissue; 

a source of electrical power; 

means for electrically coupling said source of 
electrical power to said first electrode means; and 

means for grounding said second electrode means; 

whereby in vivo electrofusion occurs at the 
interface of said first preselected area of tissue and said 
first electrode means. 
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6. The device of claim 5, wherein said source of 
electrical power is a pulse generator . 

7. The device of claim 6, wherein said source of 
electrical power is a DC pulse generator. 

8. The device of claim 7, wherein said first electrode 
means is configured and dimensioned to conform to the contour 
of said first preselected area of tissue. 

9. The device of claim 8, wherein said first 
preselected area of tissue is the cornea of an eye and 
wherein said first electrode means is specifically configured 
and dimensioned to conform to the contour of said cornea. 

10. The device of claim 9, wherein said second electrode 
means is specifically configured to conform to the contour of 
the sclera portion of an eye. 

11. The device of claim 10, further comprising an 
insulated housing means that houses said first and second 
electrode means in a predetermined fixed spatial relationship 

to one another • 

12. The device of claim 11, wherein said second 
electrode means is disposed in overlying relating ^ to said 
sclera portion of said eye in remote" spatial relation to the 
optic nerve of said eye so that when said DC pulse generator 
is activated, electrical current flows between said first and 
second electrode means in an area of said eye -remote from 

said optic nerve. 

13. A device that confines an electrical current, 

comprising: 


WO 90/07954 


18 


PCT/US89/01773 


an elongate probe member having a distal free end 
and a proximal end; 

a first electrode means having a first part and a 
second part; 

each of said first and second parts of said first 
electrode means being hingedly mounted to said probe means 
adjacent its distal free end on diametrically opposite sides 
thereof; 

control means for deploying and retracting said 
first and second parts, said parts being substantially 
orthogonal to said probe member when deployed and being 
substantially parallel thereto when retracted; 

a second electrode means; 

an aperture means formed in said second electrode 
means to slidably receive said probe member; 
a source of electrical power; 

means for electrically coupling a first preselected 
electrode means to said source of electrical power; and 

means for electrically coupling said second 
preselected electrode means to ground; 

whereby said device has broad utility in* * in vivo 
electrofusion" and specific utility in confining electrical 
current to an area sandwiched between said first and second 
electrode means. 

14. • The device of claim 13, further comprising a light 
transmitting means associated with said probe member,*, said 
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light transmitting means operative to enable insertion of the 
distal end of said probe member, when said first and second 
parts of said first electrode means are retracted, into and 
through a small area such as a cervix. 

15. The device of claim 14, wherein said light 
transmitting means includes at least one optical fiber. 

16. The device of claim 13, wherein said control means 
is disposed at the proximal end of said probe member. 

17. The device of claim 13, wherein each of said first 
and second parts of said first electrode means are generally 
linear in configuration and are configured and dimensioned on 
a proximal side thereof to conform to the contour of a 
uterine wall in the vicinity of the cervix and to overlie 
associated areas of said uterine wall on opposite sides of 
the cervix when deployed. 

18. The device of claim 17, wherein said second 
electrode means is generally disc-shaped and centrally 
apertured so that when said second electrode means is 
slidably received by said probe member, it is positionable in 
overlying relation to the peripheral cervical epithelium and 
when so disposed, cooperates with said deployed first and 
second parts of said first electrode means to hold tissue 
contiguous to said cervix in sandwiched relation 
therebetween. 

19. The device of claim 13, further comprising a dilator 
means that provides clearance space for insertion of said 
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probe member, said first electrode means, and said second 
electrode means into their respective operative positions 
relative to the cervix and cervical area. 

20 • The device of claim 19, wherein said dilator means 
is formed of an electrically insulating material, 

21. The device of claim 13, wherein said probe member is 
formed of an electrically insulating material. 

22. The device of claim 13 r wherein said source of 
electrical power is. a pulse generator means. 

23. The device of claim 22, wherein said source of 
electrical power is a DC pulse generator. 

24. A method of passing electrical current through 
preselected living tissue to • accomplish in vivo 
electrof usion, comprising the steps of: 

depositing biological particles on a first electrode 

means ; 

positioning a first electrode means in abutting 
relation to a first preselected area of tissue; 

configuring and dimensioning the tissue-contacting 
side of said first electrode means to conform to the contour 
of said tissue at said first preselected area; 

positioning a second electrode means in abutting 
relation to a second preselected area of tissue; 

configuring and dimensioning the tissue-pontacting 
said of said second electrode means to conform to the contour 
of said tissue at said second preselected area? and 
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imposing a preselected electrical potential 
difference between said first and second electrode means to 
accomplish said electrofusion. 

25. The method of claim 24, further comprising the step 
of spacing said first and second electrode means in close 
physical proximity to one another so that electrical current 
through areas of tissue remote from said preselected areas of 
tissue is limited. 

26. A method of accomplishing in vivo electrofusion of 
biological particles to an anatomical part of generally 
spherical configuration, comprising the steps of: 

depositing preselected biological particles upon a 

first electrode means; 

configuring and dimensioning said first electrode 
means to conform to the contour of a substantially central 
portion of said generally spherical anatomical part; 

positioning said first electrode means in abutting, 
overlying relation to said substantially central portion of 
said generally spherical anatomical part; 

forming a second electrode means into a generally 

annular configuration; 

positioning said second electrode means into 
abutting relation to said anatomical part and in 
circumscribing relation to said first electrode means.; and 

establishing an electrical potential difference 
between said first and second electrode means. 
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27. A method of accomplishing in vivo electrof usion of 
biological particles to the cornea of an eye, comprising the 
steps of: 

configuring and dimensioning a first electrode means 
to conform to the contour of a cornea; 

depositing biological particles to said first 
electrode means; 

positioning said first electrode means into 
overlying relation to said cornea; 

configuring and dimensioning a second electrode 
means into a generally annular form, specifically into a form 
that conforms to the sclera portion of the eye; 

positioning said second electrode means into 
abutting, overlying relation to the . sclera portion of said 
eye; and 

establishing an electrical potential difference 
between said first and second electrode means . 

28. A method of accomplishing in vivo electrofusion of 
biological particles to an area of .tissue that surrounds an 
anatomical opening between two anatomical cavities where the 
diameter of the opening . is substantially less than the 
diameter of the cavities , comprising the steps of: 

inserting through said opening an elongate probe 
means r having folded electrode means hingedly mounted 
adjacent the distal free end thereof; 
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unfolding said electrode means when the distal free 
end of said probe means has sufficiently entered a remote 

anatomical cavity; 

slidably inserting a suitably apertured second 
electrode means along the extent of said probe means until 
said second electrode means is substantially inserted into a 
proximal anatomical cavity; 

manipulating said first and second electrode means 
until tissue surrounding said anatomical opening is engaged 
in sandwiched relation therebetween; and 

placing an electrical potential difference across 
said first and second electrode means; 

whereby electrof usion occurs at the interface of 
said first and second electrode means and the area of tissue 
surrounding said anatomical opening. 

29. The method of claim 28, further comprising the step 
of illuminating the anatomical opening to facilitate the 
insertion, of said probe means thereinto. 

30. The method of claim 27, further comprising the step 
of dilating the proximal anatomical cavity to facilitate 
entry of said second electrode means thereinto. 
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AMENDED CLAIMS 

[received by the International Bureau 
on 7 May 199Q (07.05.90); 
original claims 1-4,24,26 and 27 amended; other claims 

unchanged (6 pages)] 

1. A device for accomplishing electrofusion of 

biological particles to tissue and for confining the flow of 

electrons through tissue to a preselectd area of said tissue, 

comprising: 

a first electrode means capable of being disposed 
in abutting relation to a first preselected area of tissue; 

said first electrode means having deposited 
thereupon preselected biological particles; 

a second electrode means capable of being disposed 
in abutting relation to a second preselected area of tissue 
in closely spaced proximity to said first preselected area of 
tissue; 

a pulse generator means ; 

means for electrically coupling said pulse 
generator means to said first electrode means; and 

means for grounding said second electrode means ; 

whereby said biological particles are fused to said 
first preselected area of tissue when said pulse generator' 
means is activated; and 

whereby tissue remote from said first and second 
preselected areas of tissue is substantially ' . free to 
electrical current therethrough • 

2. The device of claim 1, wherein said pulse generator 
■ means is a DC pulse generator. 

3. The device of claim 1, wherein a surface of said 
first electrode means capable of abutting said - first 
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preselected area of tissue is configured and dimensioned to 
conform to the contour of said first preselected area of 
tissue. 

4. The device of claim 1, wherein a surface of said 
second electrode means capable of abutting said second 
preslected area of tissue is configured and dimensioned to 
conform to the contour of said second preselected area of 
tissue. 

5. a device for confining flow of electrons through 
living tissue to a prselected area of said tissue, 
comprising: 

a first electrode means adapted to be disposed in 
abutting relation to a first preselected area of tissue; 

a second electrode means, generally annular in 
configuration, adapted to be disposed in abutting relation to 
a second preselected area of tissue having a generally 
spherical shape, said second preselected area of tissue being 
in closely spaced proximity to said first preselected area of 
tissue-; 

a source of electrical power; 

means for electrically coupling said source of 
electrical power to said first electrode means; and 

means for grounding said second electrode means; 

whereby .in. vivo electrofusion occurs at the 
interface of said first preselected area of tissue and said 
first electrode means. 
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probe member, said first electrode means r and said second 
electrode means into their respective operative positions 
relative to the cervix and cervical area. 

20. The device of claim 19, wherein said dilator means 
is formed of an electrically insulating material. 

21. The device of claim 13, wherein said probe member is 
formed of an electrically insulating material. 

22. The device of claim 13, wherein said source of 
electrical power is a pulse generator means. 

23. The device of claim 22, wherein said source of 
electrical power is a DC pulse generator. 

24. A method of passing electrical current through 
preselected living tissue to accomplish in vivo 
electro fusion, comprising the steps of: 

depositing biological particles upon a first 
electrode means; 

positioning s;aid first electrode means and said 
biological particles deposited thereupon in abutting 
relation to a first preselected area of tissue; 

configuring and dimensioning a tissue-contacting 
side of said first electrode means to conform to the contour 
of said tissue at said first preselected area; 

positioning a second electrode means in abutting 
relation to a second preselected area of tissue; 

configuring and dimensioning a tissue-contacting 
side of said second electrode means to conform to the contour 
of said tissue at said second preselected area; and 
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imposing a preselected electrical potential 
difference between said first and second electrode means to 
accomplish said electrofusion. 

25. The method of claim 24, further comprising the step 
of spacing said first and second electrode means in close 
physical proximity to one another so that electrical current 
through areas of tissue remote from said preselected areas of 

tissue is limited. 

26. A method of accomplishing _in vivo electrofusion of 
biological particles to an anatomical part of generally 
spherical configuration, comprising the steps of: 

depositing preselected biological particles upon a 

first electrode means; 

configuring and dimensioning said first electrode 
means to conform to the contour of a substantially central 
portion of said generally spherical anatomical part; 

positioning said first electrode means and said 
biological particles deposited thereupon in abutting,., 
overlying relation to said substantially central portion of 
said generally spherical anatomical part; 

forming a second electrode means into a., generally 

annular configuration; 

positioning said second electrode means into 
abutting relation to said anatomical part and in 
circumscribing relation to said first electrode means; and 

establishing an electrical potential difference 
between said first and second electrode means to thereby 
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accomplish in vivo electro fusion of said biological particles 
to said anatomical part. 

27. A method of accomplishing in vivo electrofusion of 
biological particles to the cornea of an eye, comprising the 
steps of: 

configuring and dimensioning a first electrode means 
to conform to the contour of a cornea; 

depositing biological particles upon said first 
electrode means; 

positioning said first electrode means and 
said biological particles deposited thereupon into overlying 
relation to said cornea; 

configuring and dimensioning a second electrode 
means into a generally annular form, specifically into a form 
that conforms to the sclera portion of the eye; 

positioning said second electrode means into 
abutting, overlying relation to the sclera portion of said 
eye ; and 

establishing an electrical potential difference 
between said first and second electrode means to thereby 
accomplish in vivo electrofusion of said . biological 
particles to the cornea of an eye* 

28 • A method of accomplishing in vivo electrofusion of 
biological particles to an area of tissue that surrounds an 
anatomical opening between two anatomical cavities where the 
diameter of the opening is substantially less than the 
diameter of the cavities,, comprising the steps of: 
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inserting through said opening an elongate probe 
means, having folded electrode means hingedly mounted 
adjacent the distal free end thereof; 

unfolding said electrode means when the distal free 
end of said probe means has sufficiently entered a remote 

anatomical cavity; 

slidably inserting a suitably apertured second 
electrode means along the extent of said probe means until 
said second electrode means is substantially inserted into a 
proximal anatomical cavity; 

manipulating said first and second electrode means 
until tissue surrounding said anatomical opening is engaged 
in sandwiched relation therebetween; and 

placing an electrical potential difference across 
said first and second electrode means; 

whereby electrofusion occurs at the interface of 
said first and second electrode means and the area of tissue 
surrounding said anatomical opening. 

29. The method of claim 28, further comprising the step 
of illuminating the anatomical opening to facilitate the 
insertion of said probe means thereinto. 

30. The method of claim 27, further comprising the step 
of dilating the proximal anatomical cavity to facilitate 
entry of said second electrode means thereinto. 
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